Abstract. RUP is a comprehensive software development process framework that has gained a lot of interest by the industry. One major challenge of taking RUP into use is to tailor it to specific needs and then to introduce it into a development organization. This study presents a review and a systematic assembly of existing studies on the tailoring and introduction of RUP. From a systematic search for study reports on this topic we found that most research is anecdotal and focus on the effects of RUP itself. Only a few number of studies address tailoring and introduction. We have found that tailoring RUP is a considerable challenge by itself and that it must be closely related to existing best practices. We see a tendency of turning from large complete process frameworks towards smaller and more light-weight processes which may impose a smoother transition from process model to process in use.
Introduction
As software development is a highly complex process; methodology support is a prerequisite for the completion of a successful software development project. There exist a wide variety of software development methodologies, spanning from heavy and bureaucratic processes to light-weight and dynamic processes, lately agile processes have gained a lot of interest both by the industry and academia. A more mature direction within software development methodologies is the Unified Process [1] (UP) and its commercial variant Rational Unified Process (RUP). There exist no exact figures on how many organizations that have tried and use (R)UP -in any variant; however an overview of experience reports from software engineering conferences, books and magazine publications indicate a considerable interest in UP and RUP. RUP is an extensive framework that is a collection of best practices described as a structured collection of process components; activities (what to do and how to do it), roles (by whom) and artifacts (what are the input and/or result of the activities). RUP contains detailed descriptions of these components and how they relate to each other. To establish structure, these components are organized in two dimensions; first by phases from inception to elaboration and then by a set of disciplines adhering to common SE activities. In addition, RUP is based on a few basic values; it is architecture centric, it is use-case driven and it is an iterative and incremental process. Having this completeness and complexity it is not intended to be a silver bullet process for all development project situations -RUP is a framework that must be tailored to the situation of use. It is an absolute necessity to do so to get the intentional value from using RUP. Despite this indisputable interest, the total amount of empirical studies on the adoption and introduction of RUP is surprisingly low. A search for empirical studies identified only five studies that to some extent explain tailoring and introduction of RUP. We separate clearly between simple lessons-learned reports that don't present information on context and study method and those that present these details as well as findings, analysis and conclusions. This leads to the aim of this paper: What do the software industry and the research community know about the limitations, benefits, prerequisites and costs of tailoring and introducing RUP? Thus, cost and benefit of RUP in use is outside the scope of this paper. As RUP covers more or less all aspects of SE it may seem easy to take it into use. However there are many challenges in doing so successfully. How do you know which parts to keep, exclude or alter? Who should get involved in the process? How much time does it take? How is the result to be taken into use? How do you know that the result was good? To be able to answer such questions and to pinpoint further research needs, at least in part, we have done a literature review of all existing relevant studies on tailoring and introducing RUP -holding a minimum of methodological quality. In addition, we extend this compiled overview with three case studies of the introduction and use of RUP that the authors have done over the past few years [2] [3] [4] [5] thus bringing together all available empirical experience on the topic. This paper first describes our research method, both for the literature review and for our own case studies. Then, results are presented giving an overview of identified experience reports. A discussion summarizes findings from the literature review and own experiences giving a conclusion addressing the research aim of this paper.
Background: Method Tailoring
There exists a set of guidelines for tailoring and adoption of RUP; one book that specifically targets the issue [6] and one book that covers the issue to some detail [7] . Additionally there exists a guideline documented through a website [8] . In addition there are some guidance in the RUP documentation itself [4] or RUP-related books, however these guidelines tends to be superficial. Despite the existence of these guidelines the authors have not been able to find any experience reports evaluating their outcome and suitability. On the other hand, there exist a set of experience reports addressing tailoring and adoption of RUP done in other ways. These experience reports are summarized and analyzed later in this paper. The term methodology is defined as "A body of methods, rules, and postulates employed by a discipline: a particular procedure or set of procedures" by the Merriam-Webster dictionary [9] . Basically, a methodology describes how someone, e.g. an organization performs a task, e.g. software development. In our context we talk about methodologies for running projects with a defined customer having more or less defined goals initially.
The process of adapting RUP can possibly take many forms. IBM Rational, the provider of RUP has defined the Process Engineering Process (PEP) [8] . This is a comprehensive adaptation process requiring a fairly big amount of resources (people and time). This may very well be appropriate for larger companies, but for the small ones this process may be too expensive. Adaptation of a framework, such as RUP, can take one of (at least) three approaches. The first is to do it in one step, for each project, thus representing a heavy job in each case. This can be justified for large projects. This approach may be called situational method engineering, as defined by ter Hoefstede and Verhoef in [10] . The second approach is to do an up-front adaptation producing a subset of the framework, still being a framework, but now tuned to the organizations general characteristics (technology, customers, domain, traditions etc.). This is the intentional process of PEP and may be called method engineering, as defined by Brinkkemper in [11] . The thirds approach is to first identify and describe a set of recurring project types. Having knowledge of characteristics and differences of these types, an adaptation is done for each type. No matter which approach being used; in the last step, a final adaptation is done to each case (project). Adapting RUP in practice means to decide on which process elements to keep, remove, alter, add or merge. These decisions can be based on assumptions, experience, goals and visions. It is the quality of this underlying knowledge and experience that determines how good these decisions are. Having decided the content and principles of a process it must be made available to the users -the project team(s). Traditionally process descriptions have taken the form of voluminous printed descriptions. Today the most common form is through web-based process guides, RUP Online is such an example. In the case of RUP, IBM Rational provide a set of software tools to assist the reengineering of the process elements of RUP to build a coherent web based presentation of the result. Edwards et al. [12] emphasize the importance of actively involving stakeholders in the process of tailoring situational specific methods. This will both ensure that necessary detailed information becomes available and affects the tailoring process and that the resulting process actually is taken into use due to ownership and relevance. Various acceptance models such as TAM, TAM2, PCI and others [13] may help to explain and underline the importance of involving stakeholders that, after the tailoring, are going to use or be affected by the resulting process. For example, stakeholder participation may affect the Usefulness-construct (the extent to which the person thinks using the system will enhance his or her job performance) and the Ease-of-use-construct (the extent to which the person perceives using the system will be free of effort).
Method
In this chapter we first describe the study methods used in our own three studieseach description is based on four parts: 1) a brief overview of the study context, 2) study aim, 3) data collection procedures and 4) method for data analysis and finally, in the last part of the chapter we present the method used to perform the literature review.
Case study A: Context: Company A is a Norwegian software consultancy company with 50 employees mainly developing software systems with heavy back-end logic and often with a web front-end, typically portals. However, they also develop lighter solutions with most emphasis on the front-end. All development is done in the form of projects. The authors have followed A for a period of five years -having a varying focus over these years; First we studied how A initially used RUP, out-of-the-box, with no restrictions or guidelines. The study is reported in [3] . Secondly, we carried out an action research project to follow A in an attempt to tailor RUP to a predefined project type. The study is reported in [2] . Thirdly, and finally, we have carried out a case study of a pilot project at A using a heavily downscaled variant of RUP documented in the form of an internal Wiki-web. The results from this study are still not published, however reported in this article.
Study aim: For the three studies, the study aims were respectively; to present an industry case to provide lessons learned and answers with respect to process uptake and effect. The second study aimed to provide others considering remodeling and adapting a process framework in general, and RUP particularly, an insight in how this has been done in a small software company. The third study aimed to study the use and effects of an extensively downscaled variant of RUP documented in the form of a Wiki-web.
Data collection: For the first study we first interviewed four project managers (claiming to be using RUP in four projects) to make a usage map per project to see what parts of RUP actually was being used. Then, we arranged semi structured interviews with five employees with varying roles to document main experiences and find potential explanations for use/no-use of RUP. For the second study we took an action research approach [14] following A in the whole process of tailoring RUP, as a group-process, to a defined project-type. In the third study we have interviewed the project manager and analyzed internal mid term-and end-PMA-evaluations [15] of the pilot project being studied.
Analysis: As all three studies have been descriptive with no hypothesis to validate we have done a qualitative analysis. For the first study, interviews were documented on-the-fly in a usage-map (excel spreadsheet) showing which RUP process components had been used or not with potential explanations from the interviewees. Further on, the interviews were transcribed and analyzed using the constant comparison technique [16] . In the second study which was organized according to the principles of action research our report [2] contains a discussion that extracts and summarizes key learning's. In the third study we also used the constant comparison technique to extract key learning's from the transcribed interview and the internal project evaluations.
Case study B:
Context: Company B is the software development department (300 persons) within a large Norwegian company with a total of 2000 employees. B is focused at both software development and consulting services within the domain of banking and transportation services. The authors have followed B over period of two years, entering the scene about a year after the company's RUP specialization had been taken into use by projects. This study is reported in [4] .
Study aim: The aim of the study was to investigate the level of use of a large-scale RUP specialization, explaining positive and negative experiences using the tailored process and reasons for use/no-use.
Data collection: In this case study we used three main sources of information; 1) a main contact person which was the leader of the tailoring of RUP prior to our study, 2) the process advisory board responsible of the tailoring and the introduction of the new process in the organization and 3) project managers and software developers. Our main method of data collection was workshops and semi structured interviews with these roles. We had three workshops with the project advisory board; information was recorded on-the-fly using mind-maps. We did two rounds of interviews, the firstinterviewing representatives from eight projects face-to-face, mainly project managers. The second round of interviews was carried out one year later with the same eight interviewees, this time over telephone. All 16 interviews were recorded and transcribed for later analysis. The aim of the interviews was to document experiences from the introduction of the tailored RUP, find effects -both positive and negative, and to investigate the level of use and correspondingly explanations.
Analysis: All transcribed interviews was analyzed using the constant comparison technique, the first eight interviews were coded and analyzed using the NVivo™-tool, the last eight were coded manually by two researchers in pair using a whiteboard. Lessons learned and experiences were counted across the interviews to find key learning's of most significance.
Case study C: Context: Company C was a company specializing in the development of web applications with a high emphasis on the user experience of the web sites. The company had software developers and psychologists employed. The latter ones worked as producers, specifying the look and feel of the web sites, as well as the logical aspects of the use of the web pages. The company did develop both ecommerce applications and more entertainment types of sites. This study is reported in [5] and [17] .
Study aim: The aim of the study was to investigate how RUP could support the specifications and development of non-functional parts of a web site. The company had its own tailored RUP, where the original disciplines and the structure of RUP were not changed. The tailoring was a new user experience discipline, with dedicated activities to be performed by new roles.
Data collection: In this case study the main data source was the conducted Postmortem [15] analyses. Data from six different projects is included in the case study. The tailoring of RUP was already in place when the researchers started to cooperate with the company.
Analysis: The data in the PMA reports was analyzed using constant comparison.
Literature review method:
A systematic review is a strategy for gathering and systematizing results from several independent studies sharing more or less the same thematic focus. The intention is to establish a compiled overview of all relevant experiences and to identify gaps in existing knowledge, thus implicating the directions for further research. In this case we did a simplified review inspired by the guidelines described by Kitchenham [18] , hence we call it a literature review. Systematic reviews have traditionally been used to systematize quantitative research, typically as a means of doing statistical meta-analysis. However, most software engineering method-focused experience reports so far are qualitative single-case studies. We therefore needed to adopt practices to be able to systematize qualitative data. This resulted in a review-protocol that we used to 1) define a common research question, 2) search for relevant literature, 3) select studies to include in an analysis and 4) systematize findings and lessons learned.
Step 1 -A common research question: We defined the following question for the review: What are the challenges, prerequisites and success criteria's for tailoring and introducing RUP?
Step 2 -Finding relevant literature: The following SE index databases; ISI Web of science, Compendex and ACM Digital Library were searched using the phrase unified process AND software.
Step 3 -Select studies to keep: All three authors participated in the evaluation of the search results using the following routine: Deselect on title: a coarse deselection of studies was done based on title, removing studies with an obvious wrong focus. The exclusions and inclusions were based on a few simple selection criteria's: The study aim or topic had to be within the frames of tailoring/adopting/specializing/introducing the Unified Process or Rational Unified Process This resulted in 100 unique studies.
Deselect on title and abstract: The second selection criterion was: the study must present empirical data beyond anecdotal evidence. This left 36 studies.
Deselect on full text: Studies was excluded if they had insufficient quality with respect to 1) a well defined and limited study aim, 2) an adequate description of the study method, 3) a sufficient description of the study context, 4) a presentation of the study results, 5) a thorough analysis of the results and 6) giving conclusions or answers with respect to the defined study aim. This left 5 studies.
Final, group based selection: Each resulting study was reviewed by each of the three authors discussing the six quality criterions defined above. This final step left 2 studies. The complete list of idendified reports are not presentet here due to space limitations but can be obtained from the authors on request.
Step 4 -Systematize findings and lessons learned: The main learnings or conclusions from the resulting studies were identified and expressed as claims. A claim can be seen as a hypothesis supported by at least one study.
Results
The results are here presented in a common form; each study is briefly summarized and discussed. The main findings or conclusions relevant to tailoring and introduction of RUP is expressed as claims (separate pieces of knowledge that are supported by an empirical study).
Case study A:
The first part of the study, addressing RUP-use out-of-the-box concludes that a direct use of a framework, such as RUP, with no assistance, tailoring or guidelines results in low use. Introducing RUP is an investment beyond the license fee. In this case the outcome could have been better if the introduction of RUP was carefully managed and not left as an autonomous effort in each project. The second part of the study concludes that a success factor in tailoring RUP to a defined project type is to have focus on the features of the defined process and that a tailoring workshop should consist of persons with proper experience from case projects of the defined type. In the third study we saw that the main objection with the use of the small footprint process guide was lack of content, the project manager typically had a demand for more and better check lists. However, the content was still under development. The project manager commented that it has to be a balance between content size and the lightness as one of the main positive experiences was the simplicity of the guide -it was easy to find relevant guidance. As the process guide is a Wiki-web the project manager clearly saw a need of defining an editor role as editing is free to all and may compromise the content. The content which basically is a collection of activity descriptions organized over the four RUP phases seemed appropriate for the case project, only four new activity descriptions was suggested. Beyond task guidance the project manager strongly demanded practical process support tools such as estimation models, project follow-up support, a testing framework etc. When asked to comment the difference between this light process guide and the complete RUP the project manager emphasized the ease of use and clear relevance of the new guide as opposed to RUP's well of information that may be hard to find one's way through. However, interestingly, a definite premise of using such a minimum version of RUP is that the user must have an good understanding of the principles of RUP.
Claim A.1: RUP, out-of-the-box is over-comprehensive and will provide more confusion than guidance and consequently low uptake and use. Claim A.2: Tailoring RUP efficiently must be based on best practice from the native organization and relevant project cases. Claim A.3: RUP may be downscaled extensively to increase relevance and ease of use, however, a successful use requires a good knowledge of RUP principles.
Case study B:
The findings resemble with known models of technology acceptance [13] ; little knowledge of RUP and thereby low motivation results in low or no use. On the other hand, knowledge and motivation for RUP results in medium/extensive use. In relation, education seems to be an important factor, not only prior to the process but also continuously trough the use. Further on, we found that management support seemed to be an important factor with respect to uptake and to continuously improve the process during use; this also resembles with other similar studies [19] . Claim B.1: Low knowledge of RUP creates low motivation and further low uptake and use. Claim B.2: Management support is a success factor in tailoring and using RUP efficiently.
Case study C:
The main result, when it comes to introduction of RUP, is that formalization of roles makes them more visible and understandable to others in a project. In this case, new roles related to graphical design were added to the RUP process resulting in a higher acceptance from more technical roles which consequently increased the uptake and use of RUP in the project.
Claim C.1:
Explicit definition of roles makes them visible to other project members and thus positively affects the use of the process.
Our search for empirically justified claims on RUP tailoring and adaptation resulted in only two study reports; a clear signal that more research is needed in this area. In this chapter we summarize the claims these papers add to the research community. To assess the validity of these claims, we also include a short summary of the setting and research method described in each of the papers. The papers we identified were by Folkestad et.al. [20] and Bygstad [21] .
Folkestad et.al. [20] :
Context: The specific case being studied was a project to transfer an existing system from mainframe architecture to a client-server based architecture. The company saw the project as an opportunity to rebuild and enhance the competence of their staff and was willing to spend resources on this. They chose to use a version of Unified Process as their software development approach. The size of the project was about 30 manyears and lasted three years.
Study aim:
The study aims are clearly stated as 1) Identify the effects of changing to a new process. 2) Identify the causes for these changes.
3) Identify what properties of the new work process that was instrumental in the change.
Data collection:
The data was gathered after the project had been running for one year. The main sources were seven semi-structured depth interviews with members of the software developer group. In addition some data was gathered through informal discussions and from the business' documents regarding the development process and the project.
Analysis:
The data was analyzed qualitatively using a method called Activity Theory, which can be considered "a framework for the understanding of human activity".
Limitations:
Openly discussed in the paper. Since it is a single case study, it is not easy to generalize the results. Factors like openness, flat hierarchy, and confident staff may be the cause behind the results, just as much as UP itself.
Findings:
We have extracted the following findings based on this paper: Claim R.1: The iterative approach of Unified Process will ensure large effects in terms of learning. Claim R.2: Unified Process will improve on communication and work distribution in a company. Claim R.3: Unified Process helps constrain activities and leads to developers being more focused on their tasks, and hence it has a positive influence on productivity and quality. Claim R.4: As a project develops, elements of Unified Process will become internalized and become tools for the developers. Or in other words, the developers will focus less and less on UP in itself, but focus more on following the practices that they decide to adopt.
Bygstad : [21]
Context: A RUP development project at Scandinavian Airline System (SAS), carried out by the Scandinavian IT Group (SIG) (owned by SAS). The goal of the project was to establish a web based marketing channel, enable easy publishing and integrating it with the existing booking systems. SAS had chosen RUP as their standard software methodology two years prior to this project. RUP was tailored to the project, and was linked to established practices in SIG.
Study aim:
The research questions are 1) how can the project manager control the integration challenge? And 2) what support is there in the software engineering frameworks, like RUP?
Data collection: The case was followed for 18 months. Interviews were conducted over three intervals, project meetings were observed and project documentation analyzed.
Analysis: All data was coded with in-vivo codes, using only domain (project) terms. Then each iteration of the project was analyzed qualitatively using constant comparison methods.
Limitations:
There is no discussion concerning external validity, but since it is a single case study, the results may not be easy to generalize. The internal validity is discussed in the paper with emphasis on how they addressed the principles of dialogical reasoning, multiple interpretations and member verification in their analysis.
Findings: Claim R.5: RUP provides good support for internal technical integration and poor support for external technical integration. Claim R.6: RUP provides weak support for internal stakeholder integration throughout a project. Claim R.7: RUP provides strong support for external stakeholder integration in the early phases, but weak support in the later phases. Claim R.8: RUP gives strong declarational support to step-wise external integration, but too little practical support. Claim R.11: Using RUP as a basis, linking it to existing best practices results in a process that is actually used.
Discussion
The search for relevant empirical studies, with sufficient quality, on tailoring and introduction of RUP resulted in only two study reports. In addition to our three own studies this forms a very small experience base and it has shown to be hard to see trends across these studies.
From the studies we see that RUP initially is too complex to be used without any tailoring which in practice means that the project manager must make more or less adhoc decisions. This becomes an error prone process if the knowledge of the content of RUP is low and thus makes it hard to decide upon which elements to keep, alter or avoid [3] . The RUP-online documentation is a comprehensive collection of process elements and their relations containing about 3700 web pages -which makes it necessary to have a detailed knowledge about the content to be able to select a consistent subset suitable for a given context of use. In the first attempt to deselect RUP elements in case study A we saw that insufficient knowledge of such details quickly became a problem. In case study B a dedicated team needed to get assistance from a trained RUP mentor to be able to accomplish a successful tailoring. In the second attempt in case study A, a bottom-up approach was used -building a small process guide based on existing best practices using RUP merely as inspiration rather than a commodity. This approach made it at least possible to accomplish the task and resulted in a complete process guide that was taken into use by project teams. In this case, almost all users of this heavily downscaled RUP-process had very high knowledge of RUP through training. This made it possible to use simplistic guidelines as the users knew the details or at least where to find them when needed. The resulting process guide itself in case A was a simple overview of the most important high-level tasks to perform in a development project -no templates or process maps were included. So, the resulting process and its web-based representation can be characterized as minimalistic, thus rising the question of what RUP is; how much do you have to keep unaltered to still call it RUP and when is it merely inspired by RUP that by it self is a collection of already existing best practices and guidelines? As a contrast to case A where the basic knowledge of RUP was high we saw in case B that the intended users had little knowledge which clearly affected their motivation for use which consequently also resulted in low uptake of the new process -even though it in this case was tailored to their project characteristics by a dedicated tailoring team. Other studies also support this in the case of acceptance and uptake of electronic process guides [19] . It is reasonable to believe that low knowledge negatively affects these motivational factors. Further on, in case B, we found that management support was a success factor -one project in this case study was found to actually use RUP and report a certain level of success of doing so. In this case the management had been clear in their expectations that the project should use RUP and supported this. In other projects in the same case study, management was more absent which made the project members use their own varying best practices in an uncoordinated way, thus hampering the goal of establishing a corporate unified development process. Another potential success factor for uptake was found in case study C. As RUP clearly defines roles it became evident how each role was needed and how they related to each other through joint activities and shared artefacts. This increased the acceptance of existing roles that was not documented to be a part of the total development process. We have not followed our own cases to assess the use of RUP over time, however Folkestad et al. found that developers, over time, will focus less and less on the process in itself, but focus more on following the practices that they decide to adopt [20] . Thus, the value of introducing RUP may have important effects when it comes to learning a new shared process.
An interesting note in the context of RUP and the challenge of making it fit to local needs and context is the recent spirited development of agile processes [22] . Ivar Jacobson, one of the original contributors to RUP has recently initiated a total remake of RUP, resulting in something called the Essential Unified Process (EssUP). This is intended to be a great improvement of RUP and Jacobson says in a whitepaper [23] : "The Unified Process became too heavy, the process improvement programs required too much boring work…". This is interesting since RUP for years has been marketed as a framework that could help most software organizations in professionalizing software development effectively. EssUP can simply be described as a combination of RUP -which may be seen as a heavy type of process -and agile software development principles [24] . Our findings, both from our own studies and others support this view that RUP is too heavy and that it may require too much tedious and difficult work to make it fit. The question is; will a join of RUP and agile be a better approach? Others as well has addressed the challenge of making RUP simpler and agile which, in sum, can be seen as a shared opinion that RUP has its limitations despite its comprehensiveness. This adds to our findings summarized in this paper.
RUP has since its creation gone through several transformations, all leading towards a more light-weight approach of designing and developing software. This has resulted in various variants and spin-offs of the process, followed by numerous books and even more presentations, speeches, courses and consultant services. It is hard to predict where this will end; however, based on our findings we see a clear need of simplifying RUP to ensure uptake and efficient use. The development turns clearly towards the agile side of the spectrum -perhaps in search for a balance between discipline and agility [25] .
Conclusions
Based on our own, and a few other empirical studies on tailoring and introduction of RUP into development organizations we found that there exist few or none (reported) direct success stories. All experiences pull in the same direction; RUP is, out of the box, too complex, however, tailoring it to specific needs is also too complex. Looking at the evolution of RUP itself over the past years and the cases we summarize here we see a clear need for, and movement towards, a more agile process that can bee tailored with less effort.
